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DESCRIPTION 

LASER IRRADIATION METHOD AND LASER IRRADIATION APPARATUS 

TECHNICAL FffiLD 

The present invention relates to a laser irradiation method and a laser irradiation 
apparatus which are suitable, for example, for crystallizing an amorphous semiconductor 
film and which can irradiate an irradiation surface with a linear beam having homogeneous 
intensity. More specifically, the present invention relates to a laser irradiation method and 
a laser irradiation apparatus which can irradiate the irradiation surface with a linear beam 
having homogeneous intensity by blocking a low-intensity part of the beam and 
suppressing the fringes due to the diffraction of the beam on the irradiation surface. 

BACKGROUND ART 

In recent years, a technique for manufacturing a thin film transistor (hereinafter 
referred to as a TFT) over a substrate has made a great progress, and application 
development to an active matrix display device has been advanced. In particular, a TFT 
formed using a poly-crystalline semiconductor film is superior in field-effect mobility (also 
referred to as mobility simply) to a TFT formed using a conventional amorphous 
semiconductor film, and therefore high-speed operation becomes possible when the TFT is 
formed using the poly-crystalline semiconductor film. For this reason, it has been tried to 
control a pixel by a driver circuit formed over the same substrate as the pixel, which was 
controlled conventionally by a driver circuit provided outside the substrate. 

A substrate used in a semiconductor device is expected to be a glass substrate 
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rather than a quartz substrate in terms of cost. However, the glass substrate is inferior in 
heat resistance and easy to change in shape due to the heat. Therefore, when the TFT 
using the poly-crystalline semiconductor film is formed over the glass substrate, a laser 
annealing method is employed to crystallize a semiconductor film formed over the glass 
substrate in order to prevent the glass substrate from changing in shape due to the heat. 

Compared with another annealing method which uses radiation heat or conduction 
heat, the laser annealing has advantages that the processing time can be shortened 
drastically and that a semiconductor substrate or a semiconductor film over a substrate can 
be heated selectively and locally so that the substrate is hardly damaged thermally. It is 
noted that the laser annealing herein described indicates a technique to anneal a damaged 
layer or an amorphous layer in a semiconductor substrate or a semiconductor film and a 
technique to orystallize an amorphous semiconductor film fomied over a substrate. 
Moreover, the laser annealing includes a technique applied to planarize or modify the 
surface of the semiconductor substrate or the semiconductor film. 

As the laser oscillators used in the laser annealing, there are a pulsed laser 
oscillator and a continuous wave laser oscillator according to the oscillation method. In 
recent years, it has been known that the crystal grain formed in the semiconductor film 
becomes larger when using the continuous wave laser oscillator such as an Ar laser or a 
YVO4 laser than when using the pulsed laser oscillator such as an excimer laser in 
crystallizing the semiconductor film. When the crystal grain in the semiconductor film 
becomes larger, the number of crystal grain boundaries in the channel region of the TFT 
formed using the semiconductor film decreases, and the carrier mobility becomes higher so 
that the more sophisticated device can be developed. For this reason, the continuous wave 
laser oscillator is attracting attention. 

A laser beam having a wavelength in the visible or ultraviolet light region is often 
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employed in the laser annealing to the semiconductor film because such a laser beam is 
sufficiently absorbed in the semiconductor film. However, a solid-state laser medium 
generally used in the CW (continuous wave) laser emits a wavelength in the range of red to 
near-infi^ared light regions, which is not sufficiently absorbed in the semiconductor film 
Therefore, the laser beam emitted from the CW laser is converted into a harmonic having a 
wavelength in the visible light region or shorter by a non-linear optical element. Usually, 
the fundamental wave in the near-infrared light region in which high power is easily 
obtained is often converted into a green laser beam of the second harmonic because this 
method has the highest conversion efficiency. 

For example, when the semiconductor film is crystallized in such a way that the 
CW laser beam with a power of 10 W having a wavelength of 532 nm is shaped into a 
linear beam having a length of approximately 300 (xm in a long-side direction and 
approximately 10 fim in a short-side direction and that the linear beam spot is scanned in 
the short-side direction of the linear beam, the width of a region where the large crystal 
grain is obtained by one scanning of the linear beam spot is approximately 200 fAm. The 
region where the large ciystal grain is obtained is hereinafter referred to as a large crystal 
grain region. For this reason, to crystallize the whole surface of a semiconductor film 
formed over a comparatively large substrate by the CW laser beam, it is necessary to 
perform laser annealing by moving the position of the linear beam spot in its long-side 
direction by the width of the large crystal grain region obtained by one scanning of the 
linear beam spot. 

On the other hand, at the same time as the formation of the large crystal grain 
region, a crystal region, which is not the large crystal grain region, (hereinafter refeired to 
as an inferior crystallinity region) is formed at opposite ends of the linear beam in the 
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long-side direction where the energy is attenuated. The inferior crystallinity region has a 
concavoconvex surface and is not suitable for manufacturing TFT thereover. When a TFT 
is formed using the inferior crystallinity region, the variation of electrical characteristic and 
operation error occur. Consequently, in order to manufacture a TFT having high reliability, 
5 it is necessary to determine correctly the region where the TFT is manufactured so that the 
TFT is not manufactured in the inferior crystallinity region. However, even after taking 
such a measure, the inferior crystallinity region still expands as the linear beam is made 
longer in the long-side direction. 

As a result, the region where the TFT can be formed relative to the whole substrate 

10 decreases, and it is dijBEicult to manufacture a semiconductor device with high degree of 
integration. The above problem is considered to result from Gaussian intensity 
distribution of the laser beam to be used. The Gaussian distribution has highest intensity 
in the center of the beam spot and lower intensity toward the opposite ends of the beam 
spot. Hierefore, when the linear beam is made longer in the long-side direction, its end 

15 portions are extended accordingly, which results in the expansion of the inferior 
crystallinity region. 

To reduce the inferior crystallinity region, the Gaussian intensity distribution may 
be changed into a top-flat shape. A laser manufacturer has introduced in its catalog a 
method for forming the top-flat shape with the use of a difiEractive optical element or an 
20 optical waveguide. By forming the top-flat shape, the intensity distribution can have steep 
edges, and thus the inferior crystallinity region formed after the laser annealing can be 
reduced drastically. Moreover, with the top-flat intensity distribution, the inferior 
crystallinity region does not increase even when the linear beam is made longer in the 
long-side direction. 
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As mentioned above, the top-flat intensity distribution has the advantages. 
However, among the introduced methods for forming the top-flat shape, the diffiractive 
optical element has some disadvantages of its high cost and technical difficulty because it 
requires fine processing on the order of nanometer to obtain the good characteristic. 
Moreover, the optical waveguide has a disadvantage that interference fringes appear on the 
irradiation surface due to the hi^ and low intensity of the laser beam because the laser 
beam with a wavelength of 532 nm has high coherency. 

Thus, the method for forming the top-flat shape which can avoid the problem due 
to the Gaussian distribution has several disadvantages. Consequently, the present 
inventors has developed another method for avoiding the problem due to the Gaussian 
intensity distribution 

DISCLOSURE OF INVENTION 

The present inventors have succeeded in developing a laser annealing method for 
reducing the inferior crystallinity region by blocking the end portions of the Gaussian 
distribution having low energy density without generating the fringes due to the dijB&action 
on the irradiation surface. An object of the present invention is to provide a laser 
annealing method and a laser annealing apparatus which are suitable, for example, for 
crystallizing the amorphous semiconductor film and which can irradiate the irradiation 
surface with the linear beam having homogeneous intensity by blocking the end portions of 
the linear beam having low energy density without generating the fringes due to the 
difiEraction on the irradiation surface. 

Another object of the present invention is to provide a method and an apparatus for 
manufacturing a TFT using the crystalline semiconductor film in a simplified way. 
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Briefly speaking, the object of the present invention is to eliminate the inferior crystallinity 
region in the laser annealing by a simple technique without forming any fringes due to the 
diffraction. 

In relation with the object of the present invention, a diffraction phenomenon 
which causes the fringes is described first, A Fraunhofer diffiaction image formed when 
the plane wave is incident into a slit is considered. A displacement of the beam at the slit 
surface is expressed as the function of the coordinates of ^ and t| at the slit with the 
equation Al where Lis a distance between the slit and the image, k is the wavenumber, k is 
the wavelength, and w is the width of the slit. In the formed image, the complex 
amplitude u is expressed as the function of x with the equation A2, and the light intensity I 
is expressed with the equation A3. In these equations, x=0 in the center of the slit. 
Moieover, X, which is the inverse number of the length, is expressed with the equation A4. 

[EquationAl] 
[EquationA2] 

[EquationAS] 
PBquationA4] 

According to these functions, the maximum value of the intensity distribution is 1 
when X=0, and a major part of the laser beam concentrates on the center. Hie peak at the 
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center is referred to as the zeroth diffiraction beam, which corresponds to the light traveling 
straightforward along the optical axis from the slit. The diffraction beams are respectively 
referred to as ± first order diffraction beams, ± second order diSraction beams — from the 
center toward the edge. The maximal value of the intensity of * mth difi&action beams 
(m?iO) is £y)pro7dmated from the equation A5, which is converted into the equation Az. 

W^-(m-lK + V2 pEquationAS] 




[Equation Az] 



The present invention is to provide a laser irradiation method and a laser 
irradiation apparatus which are suitable, for example, for crystallizing the amorphous 
semiconductor film and which can irradiate the irradiation object with the linear beam 
having homogeneous intensity by blocking the part of the laser beam having the low energy 
density without generating the fringe due to the diffraction on the irradiation object. The 
present invention discloses two laser irradiation methods. In the first laser irradiation 
method, a part of the laser beam emitted from the laser oscillator having the low energy 
density is blocked by using the slit, and an image formed at the slit is projected to the 
irradiation surface by a convex cylindrical lens- 

The slit, the convex cylindrical lens, and the irradiation surface are preferably 
arranged so that the distance (Ml) between the slit and the convex cylindrical lens and the 
distance (M2) between the convex cylindrical lens and the irradiation surface satisfy the 
following two equations 1 and 2: 

Ml=f(s+D)/D [Equation 1] 

M2=fiCs+D)/s [Equation 2] 
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where s is the width of the sUt, D is the length of the linear beam in the long-side direction, 
and f is the focal length of the convex cylindrical lens. Thus, the image at the slit is 
projected to the irradiation siu^ace by the convex cylindrical lens. Since the image at the 
slit corresponds to the case of L=0 in the equation A4, the fringes due to the difi&action are 
not formed in this position. Therefore, the fringes do not appear on the irradiation surface 
where the image at the slit is projected. 

In the second laser irradiation method, the laser beam emiUed from the laser 
oscillator is reflected by a mirror and the reflected laser beam is incident into a first convex 
spherical lens obliquely by the predetermined angle so as to form a linear beam due to the 
astigmatism. After that, the linear beam passes through the slit so that its opposite ends 
having low intensity are blocked. Next, the linear beam with its opposite ends blocked is 
delivered to the irradiation surface by a second convex spherical lens. It is preferable that 
the slit and the second convex spherical lens are arranged so that the distance (Ml) between 
the slit and the second convex spherical lens and the distance (M2) between the second 
convex spherical lens and the irradiation surface satisfy the above equations 1 and 2. In 
this case, f is the focal length of the second convex spherical lens. 

In addition, the present invention discloses two laser irradiation apparatus. The 
first laser irradiation apparatus comprises a laser oscillator, a slit for blocking a 
low-intensity part of a laser beam emitted from the laser oscillator, and a convex cylindrical 
lens for projecting an image formed at the slit to the irradiation surface. It is preferable to 
arrange the slit, the convex cylindrical lens, and the irradiation surface so that the distance 
(Ml) between the slit and the convex cylindrical lens and the distance (M2) between the 
convex cylindrical lens and the irradiation surface satisfy the equations 1 and 2. 

The second laser irradiation apparatus comprises a laser oscillator, a mirror tilted 
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by the predetermined angle for guiding a laser beam emitted from the laser oscillator to a 
first convex spherical lens, the first convex spherical lens through which the laser beam 
reflected on the mirror passes so as to form a linear beam due to the astigmatism, a slit for 
blocking a low-intensity part of the laser beam, and a second convex spherical lens for 
projectmg an image of the linear beam on the irradiation surface. It is preferable to 
arrange the slit, the second convex spherical lens, and the irradiation surface so that the 
distance (Ml) between the slit and the second convex spherical lens and the distance (Ml) 
between the second convex spherical lens and the irradiation surface satisfy the equations 1 
and 2. 

According to the present invention, a low-intensity part of the laser beam is 
blocked by the slit, and the image formed at the slit is projected to the irradiation surface by 
the lens. Thus, the interference fringes due to the light diffraction at the slit can be 
suppressed on the irradiation surface. Therefore, the laser annealing can be performed 
homogeneously to crystallize the amorphous semiconductor film by irradiating with the 
linear beam having homogeneous intensity which forms no fringes due to the diffraction on 
the irradiation surface. Moreover, it is possible to manufacture a semiconductor device 
such as a TFT having homogeneous crystallinity easily according to the present invention. 

BRIEF DESCRIPTION OF DRAWINGS 
In the accompanying drawings: 

FIG 1 is a perspective view of the laser annealing method and apparatus for 
describing the embodiment mode and the embodiment 1 of the present invention; 

FIG 2A is a top view of the laser annealing method and apparatus for describing 
the embodiment mode and the embodiment 1 of the present mvention; FIG 2B is a side 
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view of the laser annealing method and apparatus for describing the embodiment mode and 
the embodiment 1 of the present invention; 

FIG 3 is a perspective view of the laser annealing method and apparatus for 
describing the embodiment 2; 
5 FIG 4 is a perspective view of the second laser annealing method and apparatus 

for describing the embodiment mode and the embodiment 3 of the present invention; 

FIG 5A is a top view of the second laser annealing method and apparatus for 
describing the embodiment 3 of the present invention; FIG 5B is a side view of the second 
laser annealing method and apparatus for describing the embodiment 3 of the present 
10 invention; 

FIGS. 6A to 6D show the steps for forming a tfiin film transistor (TFT) by using 
the laser annealing apparatus; 

FIGS. 7A to 7C show display devices manu&ctured by the laser annealing method 
of the present invention; 

15 FIG 8 is a photograph of the semiconductor film crystallized by the laser 

annealing method of the present invention; and 

FIG 9 is a photograph of the semiconductor film crystallized by the conventional 
laser annealing method. 

20 BEST MODE FOR CARRYING OUT THE INVENTION 

An embodiment mode and embodiments of the present invention are hereinafter 
described based on drawings. However, the present invention is not limited to the 
description of the embodiment mode and the embodiments but specified by the scope of 
claims. The present invention comprises the above-mentioned features such as the slit for 



RECTIFIED SHEET (RULE 91) 



wo 2005/093801 



PCT/JP2005/006207 



11 



blocking a low-intensity part of a laser beam and the lens for projecting the laser beam to 
the irradiation surface. Moreover, as described above, the present invention discloses the 
first laser annealing method using a convex cylindrical lens and the second laser annealing 
method using a convex spherical lens. The first laser annealing method is described in 
5 two modes in which the laser beam is incident vertically into the irradiation surface as 
shown in an embodiment 1 with reference to FIGS. 1 to 2B and in which the laser beam is 
incident obliquely into the irradiation surface as shown in an embodiment 2 with reference 
to FIG 3, 

The position of the slit is determined in consideration of the focal length of the 
10 lens used as projection means, the width of the slit, and the projection magnification. 
Since the position of the slit corresponds to 1^0 in the equation Az, the high order 
diffiraction beams can be minimized on the irradiation surface when the image formed at the 
slit can be projected perfectly to the irradiation surface by the lens. Accordingly, the large 
crystal grain region can be manufactured without forming any fringes due to the diffraction 
15 on the irradiation surface by simply arranging the slit, the lens, and the irradiation surface 
appropriately. In other words, the laser irradiation can be performed homogeneously 
without forming the fringes due to the difGraction which causes the inhomogeneous 
intensity of the linear beam. 

The laser oscillator used in the present invention is not linuted in particular, and it 
20 may be a pulsed laser oscUlator or a CW laser oscillator. As the pulsed laser oscillator, an 
excimer laser, a YAG la^er, a YVO4 laser, or the like is given. As the CW laser oscillator, 
an At laser, a YVO4 laser, a YAG laser, or the like is given. In the present invention, the 
laser beam may be delivered straightforward from the laser oscillator to the slit. It is 
preferable to deliver the laser beam to the slit by bending the traveling direction of the laser 
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beam with the use of the mirror provided between the laser oscillator and the slit for the 
accurate optical alignment. 

When the laser irradiation is performed using the CW laser oscillator, the crystal 
grain formed in a semiconductor .film grows larger. Therefore, when the TFT is formed 
5 with the semiconductor film, the number of crystal grain boundaries in the diannel region 
in the TFT decreases. Accordingly, the carrier mobility increases and the more 
sophisticated device can be developed. In particular, a solid-state laser is more preferable 
because of its stable output. The solid-state laser medium used in the CW laser oscillator 
generally emits a wavelength in the range of red to near-infrared light regions, which is not 

10 sufficiently absorbed in the semiconductor film. Therefore, the laser beam emitted from 
the CW laser is converted into a harmonic having a wavelength in the visible light region or 
shorter by a non-linear optical element. Usually, the fundamental wave in the 
near-infrared light region in which high power is easily obtained is converted into a green 
' laser beam of a second harmonic because the conversion efficiency is the highest. 

15 The slit used in the present invention is not limited in particular. The slit may 

have any structure and any shape when it can block the low-intensity part of the laser beam. 
As the example, a reflector, an absorber, a prism, or the like is given. Among them, the 
reflector is preferable in terms of its endurance. The convex cylindrical lens is not limited 
in particular and may have any structure and any shape when it can form the long beam 

20 extending long in one direction. The convex cylindrical lens may be planoconvex or 
biconvex. In the case of the planoconvex cylindrical lens, it is preferable that the 
cylindrical lens has a convex surface on the side where the laser beam is incident in point of 
low aberration and high accuracy. 

The second laser annealing method and apparatus of the present invention don't 
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use the convex cylindrical lens, which is used in the first laser annealing method and 
apparatus, but uses a convex spherical lens. In this case, the convex spherical lens is not 
limited in particular, and it may have any structure and any shape when it can project the 
linear laser beam to the irradiation surface. The convex spherical lens may have a convex 
5 surface in one or both of the sides where the laser beam is incident and emitted. The 
second laser irradiation method and apparatus will be described in the embodiment 3 with 
reference to FIGS. 4 to 5B. 

Next, the embodiment mode of the present invention is described with reference to 
FIG 1. In FIG 1, a laser beam is emitted from a laser oscillator 101. Hie laser oscillator 

10 101 may be a CW laser oscillator or a mode-locked pulsed laser oscillator having the 
repetition rate of 10 MHz or more. Then, a low-intensity part of the laser beam emitted 
from the laser oscillator 101 is blocked by a slit 102. After that, the laser beam is bent by 
a mirror 103 so that the laser beam travels toward a semiconductor film 106. Hie bent 
laser beam is extended by a convex cylindrical lens (hereinafter referred to as a cylindrical 

15 lens simply when any particular description is not made) 104 acting on only one direction. 

Next, the laser beam is converged in one direction by a cylindrical lens 105 which 
is rotated by 90** from the cylindrical lens 104. Then, the laser beam is delivered to the 
semiconductor film 106. The cylindrical lens 104 acts on the long-side direction of the 
linear beam on the irradiation surface, and the cylindrical lens 105 acts on the short-side 

20 direction of the linear beam on the irradiation surface. In other words, the cylindrical lens 
104 changes only the length of the linear beam in the long-side direction, and the 
cylindrical lens 105 dianges only the length thereof in the short-side direction. 

This is described in more detail with reference to FIGS. 2A and 2B. The same 
reference numerals are given to the same parts in FIGS. 1 to 2B. FIG 2A is a top view of 
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FIQ 1 and shows an optical path of the linear beam in the long-side direction. FIG 2B is 
a side view of FIG 1 and shows the optical path in the short-side direction. In FIG 2A, 
the laser beam is emitted from the laser oscillator 101, and a low-intensity part of the laser 
beam is blocked by a slit 102 so that only a high-intensity part of the laser beam is emitted 
5 from the slit 102. Then, an image formed at the slit 102 is projected to the semiconductor 
film 106 by the cylindrical lens 104. 

The positional relations among the cylindrical lens 104, the slit 102, and the 
semiconductor film 106 as irradiation surface are described in detail with the use of the 
equations. In the equations, f is the focal length of the cylindrical lens 104, s is the width 
10 of the slit 102, Ml is the distance between the slit 102 and the cylindrical lens 104, M2 is 
the distance between the cylindrical lens 104 and the semiconductor film 106, and D is the 
length of the linear beam in the long-side direction on the semiconductor film 106, which is 
the irradiation object. 

The positional relations are given by the following two equations: 
15 s/D=Ml/M2 [Equation a] 

l/f=l/Ml+l/M2 (Equation b] 

Based on these equations, other two following equations can be given by: 

Ml=f(s+D)/D (Equation 1] 

M2=fCs+D)/s [Equation 2] 

20 Therefore, the fringes due to the difi&action are not translated to the semiconductor 

film by airanging the slit, the cylindrical lens, and the irradiation surface based on the 
above equations. Accordingly, the laser irradiation which hardly forms the inferior 
crystallinity region can be achieved. Further, instead of the cylindrical lens, a spherical 
lens having the same focal length f may be used. In this case, since the spherical lens also 
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a<^ on the short-side direction of the linear bean, it is necessary to add a lens for 
compensation* 

Moreover, the above equations are applicable to the second laser annealing method 
of the present invention as shown in FIGS. 4 to 5B in which the convex spherical lens is 
5 used instead of the cylindrical lens. Specifically, the positional relations among a slit 404, 
a second convex spherical lens 405, and a semiconductor film 406 can be expressed by the 
same equations as those mentioned above, which will be described in the embodiment 3. 
In other words, the equations 1 and 2 express the distance (Ml) between the slit 404 and the 
second convex spherical lens 405 and the distance (M2) between the second convex 

10 spherical lens 405 and the semiconductor film 406. 

Subsequently, the laser annealing by the present invention is described with 
reference to FIG 1. A glass substrate 107 with a semiconductor film 106, which is the 
irradiation object, formed thereover is provided to an X-stage 108 and a Y-stage 109 which 
can move at a speed from 100 to 1000 mm/s. A large crystal grain region can be formed 

15 over the whole surface of the substrate by moving the irradiation object at the appropriate 
speed while irradiating with the laser beam emitted from the laser oscillator 101. The 
optimum scanning speed is approximately 400 mm/s according to the experience of the 
present inventors. Hie semiconductor film including the large crystal grain formed thus 
can be used to manufacture TFT according to the known method. \Wth this TFT, a 

20 high-speed device can be manuJEactured. 

[Embodiment 1] 

The present invention is hereinafter described in more detail with several 
embodiments. However, it is obvious that the present invention is not limited to these 
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embodiments but specified by the scope of claims 

[Embodiment of vertical incidence with the use of a mode-locked pulsed laser and two 
cylindrical lenses] 

Referring to FIG 1 again, the embodiment 1 describes an example of the first laser 
annealing method and apparatus in whidi the laser beam with the low-intensity part 
blodced is made incident verticaUy into the inadiation surface. In this embodiment, the 
laser oscUlator 101 is a mode-locfced pulsed laser oscillator providing 10 W at 532 nm with 
the repetition rate of 80 MHz and having the pulse width of 10 ps, the spatial profile of 
TEMoo, and the beam diameter of 2J25 mm. 

A low-intensity part of the laser beam emitted from the laser oscillator 101 is 
blocked by the slit 102, and then the laser beam is reflected on the mirror 103 so that its 
traveling direction changes to be perpendicular to the semiconductor fihn 106 formed over 
the ghiss substrate 107. As the semiconductor film 106, an a-Si film is formed in 660A 
over the 0.7-mm-thick glass substrate 107 by a CVD apparatus. Then, die a-Si film is 
annealed in the furnace under nitrogenous atmosphere of 500°C for one hour in order to 
increase the resistance of the a-Si film against the laser beam. The slit 102 has a width of 
0.8. nun. 

The image formed at the sUt 102 is projected to the irradiation object by the 
cylindrical lens 104 by irradiating the semiconductor fihn 106, which is the inadiation 
surface, vertically witii the bent laser beam. Moreover, the laser beam is converged in one 
direction by the cylindrical lens 105 that is rotated by 90° from the cylindrical lens 104, and 
then the laser beam is delivered to the semiconductor film 106. In otiier words, tiic 
cylmdrical lens 104 acts only on the long-side direction of tiie linear beam, and tiie 
cylindrical lens 105 acts only on the short-side direction of the Imear beam. The linear 
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beam formed on the semiconductor film 106 has a length of 0.2 mm in the long-side 
direction, and the cylindrical lens 104 has a focal length of 150 mm, and the cylindrical lens 
105 has a focal length of 20 mm. 

Since the embodiment 1 uses an ultrashort pulse laser beam, which does not cause 
the interference between the incident li^t and the reflected light from the rear surface of 
the substrate, it is possible to prevent the crystalUnity from varying in the semiconductor 
film 106. When the incident light and the reflected light interfere in the semiconductor 
film 106, the high and low intensity of the laser beam appears as the fringes on the 
semiconductor film 106 resulting in that the crystallinity of the annealed semiconductor 
fihn 106 varies. TTiis is hereinafter described in more detail. 

As mentioned above, the laser beam in this embodiment 1 has a pulse width of 10 
ps, and the laser beam travels approximately 3 mm for one pulse. In this embodiment, 
since the glass substrate 107 has a thickness of 0.7 mm, the distance to back and forth 
between the rear surface and the top surface of the glass substrate 107 is 1.4 mm. 
Therefore, the time for which the incident laser beam and the reflected laser beam from the 
rear surface of the glass substrate 107 exist simultaneously iii the semiconductor film 106 is 
approximately a half of the pulse width. For this reason, the laser annealing can be 
performed homogeneously without being affected by the interference of the light that much 
in this embodiment 1. 

In the present invention, since the positional relations among the cylindrical lens 
104, the slit 102, and the semiconductor film 106, which is the irradiation sur&ice, 
preferably satisfy the equations (1). and (2), the lens 104, the slit 102, and the 
semiconductor film 106 are arranged as follows in this embodiment 1. As mentioned 
above, the cylindrical lens 104 has a focal length of 150 mm, the slit 102 has a width of 0.8 
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mm, and the linear beam fonned on the semiconductor film 106 has a length of 0.2 mm in 
the long-side direction. Based on these numerals, the distance (Ml) between the slit 102 
and the cylindrical lens 104, and the distance (M2) between the slit 102 and the cylindrical 
lens 104 are calculated from the equations 1 and 2. 

The result is as follows. 

Ml=f(S+D)/D=150 X (0,8+0.2)70.2=750 mm 

M2=f(S+D)/s=150 X (0.8+0.2)70.8=187.5 mm 

Therefore, the slit 102, the cylindrical lens 104, and the irradiation surface 106 are 
arranged so as to satisfy these relations. When the semiconductor film is irradiated with 
the mode-locked laser after arranging the optical elements as above, the laser irradiation is 
performed homogeneously because the firinges due to the difiQraction are not translated to 
the semiconductor film, and a 0.2-mm-wide large crystal grain region is formed 
homogeneously without forming the inferior cryistallinity region. Accordingly, the laser 
irradiation which hardly forms the inferior crystallinity region is achieved in this 
embodiment 1. 

Moreover, in this embodiment, the large crystal grain region can be formed over 
the whole surface of the substrate by mounting the glass substrate 107 with the 
semiconductor film 106 formed over the X-stage 108 and the Y-stage 109 and by scanning 
it at a speed of 400 mm/s. The semiconductor film in which the large crystal grain is 
formed thus can be used to manufacture a TFT by a known method. W^th this TFT, a 
high-speed device can be manufsu:tured. 

[Embodiment 2] 

[Embodiment of oblique incidence with the use of a CW laser and two cylindrical lenses] 
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This embodiment 2 describes another example of the first laser annealing method 
and apparatus of the present invention. Although the embodiment 2 employs the two 
cylindrical lenses as the embodiment 1, the laser oscillator to be used is different. The 
embodiment 2 uses a CW laser. In this embodiment 2, the laser beam is incident into the 
5 irradiation surface obliquely after blocking a low-intensity part of the laser beam. The 
embodiment 2 uses FIG. 3 in the description. 

In this embodiment, a laser oscillator 301 is a CW laser oscillator providing 10 W 
at 532 nm and having a beam diameter of 2.25 mm and a spatial profile of TEMoo. A laser 
beam emitted from the laser oscillator 301 passes through a slit 302 so that a low-intensity 
10 part of the laser beam is blocked, and then the laser beam is bent by a mirror 303 in a 
direction which is oblique to the semiconductor film 306 formed over the glass substrate 
107, Hie semiconductor film 306 is an a-Si film formed in 660 A thick over the glass 
substrate 307 by the CVD apparatus. The furnace annealing is performed to the a-Si film 
under the nitrogenous atmosphere of 500°C for one hour in order to increase the resistance 
15 of the a-Si film against the laser. It is noted that the slit 302 has a width of 0.8 mm. 

The bent laser beam is delivered to the semiconductor film 306 in such a way that 
an image formed at the slit 302 is projected to the semiconductor film 306 by the 
. cylindrical lens 304 acting on only one direction. Moreover, the laser beam is converged 
by a cylindrical lens 305 acting on only one direction perpendicular to the cylindrical lens 
20 304 and delivered to the semiconductor film 306. The cylindrical lens 304 acts on the 
long-side direction of the linear beam on the irradiation surface, and the cylindrical lens 
305 acts on the short-side direction of the linear beam. It is noted that the linear beam 
formed on the semiconductor Glm 106 has a length of 0.2 mm in the long-side direction, 
the cylindrical lens 304 has a focal length of 150 ram, and the cylindrical lens 305 has a 
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focal length of 20 mm. 

In the present invention, since the positional relations among the cylindrical lens 
304, the slit 302, and the semiconductor film 306 preferably satisfy the equations (1) and 
(2), they are arranged as follows. The cylindrical lens 304 has a focal length of 150 mm, 
5 the slit 302 has a width of 0.8 mm, and the linear beam formed on the semiconductor film 
306 has a length of 0.2 mm in the long-side direction. The distance (Ml) between the slit 
302 and the cylindrical lens 304 and the distance (M 2) between the cylindrical lens 304 and 
the semiconductor film 306 are calculated from the equations (1) and (2) in the same way 
as the embodiment 1. 

10 The result is as follows. 

Ml=fi(S+D)/D=150 X (0.8+0.2)/0.2=750 mm 
M2=«(S+D)/s=150 X (0.8+0.2)/0.8=187.5 mm 
Therefore, the slit 302, the cylindrical lens 304, and the irradiation surface 306 are arranged 
so as to satisfy these relations. When the semiconductor film is irradiated with the CW 

15 laser after arranging the optical elements as above, the laser irradiation is performed 
homogeneously because the fiinges due to the difEraction are not translated to the 
semiconductor film, and a 0.2-nmi-wide large crystal grain region is formed 
homogeneously without forming the inferior crystallinity region. Accordingly, the laser 
irradiation which hardly forms the inferior crystallinity region is achieved in this 

20 embodiment 2. 

Since this embodiment 2 enq>loys a CW laser oscillator, the incident laser beam 
may interfere with the reflected laser beam from the rear surface of the glass substrate 307 
in the semiconductor film 306. In order to prevent the interference in the semiconductor 
film 306, it is necessary that the laser beam is incident into the semiconductor film 306 at a 
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predetermined angle or more so that the incident laser beam does not overlap the reflected 
laser beam in the semiconductor fikn 306. Specifically, the incidence angle of the laser 
beam preferably satisfies the following inequality: 

e^tan''— [Equations] 
2d 

5 

where 1 is the length of the beam spot in the direction where the laser beam is incident, 6 is 
the incidence angle of the laser beam, and d is the thickness of the glass substrate. The 
incidence angle is set to 20*^ in this embodiment. 

Although both of the embodiments 1 and 2 describe the first laser annealing 

10 method, this embodiment 2 differs from the embodiment 1 in the oblique incidence. 

In this embodiment, the large crystal grain region can be formed all over the glass 
substrate 307 by mounting the substrate over the X-stage 308 and the Y-stage 309 and by 
scanning it at a speed of 400 mm/s. With the semiconductor film in which the large 
crystal grain is formed thus, a TFT can be manufactured by a known methodl ^th this 

15 TFT, a high-speed device can be manufactured. 

[Embodiment 3] 

[Embodiment of oblique incidence with the use of a mode-locked pulse laser and two 
convex spherical lenses] 

20 This embodiment 3 describes an example of the second laser annealing method 

and apparatus which use a convex spherical lens instead of the cylindrical lens with 
reference to FIQ 4. In this embodiment, a laser osdllator 401 is a mode-locked pulse 
laser oscillator providing 10 W at 532 nm and having a repetition rate of 80 MHz, a pulse 
width of 10 ps, a beam diameter of 2.25 mm, and a spatial profile of TEMoo- A laser beam 



wo 2005/093801 



PCT/JP2005/006207 



22 

emitted from the laser oscillator 401 is bent by a minor 402. 

The bent laser beam is incident obliquely into a first convex spherical lens 403 and 
is shaped into linear at the slit 404 due to the astigmatism. The linear beam spot has a 
length of 0.04 mm in the short-side direction and a length of 1 mm in the long-side 
direction. The slit 404 has a width of 0.8 mm in long-side the direction and blocks a 
low-intensity part of the linear beam at opposite ends. The laser beam emitted firom the 
slit 404 is reduced in size to be 1/4 on the semiconductor film 406 by a second convex 
spherical lens 405. Thus, the linear laser beam has a length of 10 |xm in the short-side 
direction and 200 ym in the long-side direction on the semiconductor film 406. 

An optical system of the embodiment 3 is described in more detail with reference 
to FIGS. 5A and 5B. The same reference numerals are given to the same parts in FIGS. 4 
and 5. FIG 5A is a top view of FIG 4 and shows an optical path of the linear beam in the 
long-side direction. FIG 5B is a side view of FIG 4 and shows the optical path in the 
short-side direction. A semiconductor film 406 is an a-Si film formed in 660 A over a 
0.7-mm-thick glass substrate 407 by the CVD apparatus. Before the laser iaadiation, the 
furnace annealing is perfomied to the a-Si film under the nitrogenous atmosphere of SOO^C 
for an hour in order to increase the resistance of the a-Si film against the laser beam. 

Since this embodiment uses the ultrashort pulsed laser beam as described above, 
the incident laser beam does not interfere with the reflected laser beam from the rear 
surface of the substrate. The laser beam has a pulse width of 10 ps, and the laser beam 
travels approximately 3 nun for one pulse. Since the glass substrate 407 has a thickness of 
0«7 mm, the distance to go back and forth between the rear surface and the top sur&ce of 
the substrate 407 is 1.4 nun. Therefore, the time for which the incident laser beam and the 
reflected laser beam from the rear surface of the glass substrate 407 exist simultaneously in 
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the semiconductor film 406 is an approximately half of the pulse width. Accordingly, the 
laser annealing can be performed while suppressing the interference of the beams. 

In the second laser annealing method and apparatus of the present invention, the 
positional relations among the second convex spherical lens 405, the slit 404, and the 
5 semiconductor film 406 preferably satisfy the equations (1) and (2). In this embodiment, 
therefore, these optical elements are arranged as follows. As mentioned above, the second 
convex spherical lens 405 has a focal length of 40 mm, the slit 404 has a width of 0.8 nun, 
and the linear beam formed on the semiconductor film 406 has a length of 0.2 mm in the 
long«side direction. Based on these numerals, the distance (Ml) between the slit 404 and 
10 the second convex spherical lens 405, and the distance (M2) between the second convex 
spherical lens 405 and the semiconductor film 406 are calculated fi-om the equations (1) and 
(2) in the same way as the embodiments 1 and 2. 

The result is as follows. 

Ml=f(S+D)/D=40 X (0.8+0.2)70.2=200 mm 
15 M2=f(S+D)/s=40 X (0.8+0.2)/0.8=50 nun 

Therefore, the slit, the second convex spherical lens, and the irradiation surface are 
arranged so as to satisfy these relations in this embodiment. When the semiconductor film 
is irradiated with the mode-locked pulsed laser after arranging the optical elements as 
above, the laser irradiation is performed homogeneously because the fringes due to the 
20 diffraction are not translated to the semiconductor film, and a 0.2-mm-wide large crystal 
grain region is formed homogeneously without forming the inferior crystallinity region. 
Accordingly, the laser irradiation which hardly forms the inferior crystallinity region is 
achieved in this embodiment 3. 

Moreover, in this embodiment, the large crystal grain region can be formed over 
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the whole surface of the substrate by mounting the glass substrate 407 with the 
semiconductor £Qm 406 formed over the X-stage 408 and the Y-stage 409 and scanning it at 
a speed of 400 mm/s. The semiconductor film in which the large crystal grain is formed 
thus can be used to manufacture a TFT by a known method. \Wth this TFT, a high-speed 
device can be manufactured. 

[Embodiment 4] 

This embodiment describes an example of crystaUizing a semiconductor film by a 
laser irradiation method shown in the embodiment modes and embodiments. In order to 
compare, the conventional laser irradiation method is also described. 

ITiis embodiment uses the first laser annealing method and apparatus in the same 
way as the embodiment 1 (refer to FIG. 1). In this embodiment, the laser beam is incident 
into the irradiation surface vertically after blocking a low-intensity part of the laser beam. 

This embodiment employs a mode-locked pulse laser providing 10 W at 532 nm 
with a repetition rate of 80 MHz and having a pulse width of 10 ps, a beam diameter of 
1.00 mm, and a spatial profile of TEMoo- 

The semiconductor film to be crystallized is an a-Si film formed in 660 A over a 
0.7-mm-thick glass substrate by the CVD apparatus. Heat treatment is performed for one 
hour under a nitrogenous atmosphere of SOO'^C in oider to increase the resistance of the a-Si 
film against the laser beam. 

The laser irradiation apparatus in this embodiment has the same optical system as 
that in the embodiment 1. A laser beam emitted from the laser oscillator transmits through 
the slit and is delivered to the semiconductor film via the first cylindrical lens and the 
second cylindrical lens each of which acts on the different direction. It is noted that the 
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first cylindrical lens acts on only the long-side direction of the linear beam on the 
irradiation surface, and the second cylindrical lens acts on only the short-side direction 
thereof. The optical elements are arranged so that the width of the slit, the distance 
between the slit and the first cylindrical lens, and the distance between the first cylindrical 
5 lens and the semiconductor film satisfy the equations 1 and 2 shown in the embodiment 
modes. In this embodiment, the slit has a width of 0-8 mm, the first cylindrical lens has a 
focal length of 150 mm, and the second cylindrical lens has a focal length of 20 nun. Hie 
beam spot formed on the semiconductor film has a length of 0.25 mm in the long-side 
direction. 

10 The glass substrate with the semiconductor film formed thereover is mounted over 

the X-stage and the Y-stage and is scanned at a speed of 400 mm/s so that the 
semiconductor film is o^^talUzed. FIQ 8 is a photograph of the semiconductor film 
crystallized thus. According to FIG 8, the large crystal grain region is formed in the 
region irradiated with the laser beam. In this embodiment, the large crystal grain region 

15 having a width of 250 |im is formed. 

Moreover, in order to compare, the semiconductor film is crystallized by a 
crystallizing method different from the above method* FIG 9 is a photograph of the 
semiconductor film crystallized thus. According to this crystallizing method, two 
cylindrical lenses are used without using the slit, and the output power of the laser oscillator 

20 and the position of the cylindrical lens are adjusted so that the 250-fxm-wide large crystal 
grain region, which is the same as that shown in FIG 8, is formed. 

Although the 250-(mi-wide large crystal grain region is formed in FIG 9, an 
inferior crystallinity region is formed at opposite ends of the region irradiated with the laser 
beam according to the following reason. Since the laser beam has Gaussian intensity 



wo 2005/093801 



PCT/JP2005/006207 



26 



distribution, a low-intensity part of the laser beam (opposite end portions of the beam spot) 
cannot melt the semiconductor fihn sufficiently. That is to say, in the method not 
providing the slit, both of the large crystal grain region and the inferior crystallinity region 
are formed because of the Gaussian intensity distribution of the laser beam. Hie large 
crystal grain region is formed by irradiating with the hig^-intensity part of the laser beam 
that can melt the semiconductor film completely. Meanwhile, the inferior crystallinity 
region is formed by irradiating with the low-intensity part of the laser beam that cannot 
melt the semiconductor film completely. 

On the other hand, in the laser irradiation method of the present embodiment, the 
laser beam after passing through the slit is delivered to the semiconductor film through a 
lens pro vidjed so as to satisfy the predetermined condition. Therefore, the fiinges due to 
the diffraction of the laser beam can be prevented from appearing on the semiconductor 
film, and the inferior crystallinity region can be reduced compared with the laser irradiation 
method not using the slit. In the case of forming the large crystal grain regions having the 
same width as shown in FIGS. 8 and 9, the wide inferior crystallinity region is formed at 
opposite ends of the crystalline region by the convmtional method (FIG 9). When the 
TFT is manufactured by using such an inferior crystallinity region as its active layer, the 
electric characteristic may vary and an error may occur in the operation. Therefore, it is 
necessary to form the TFT out of the inferior crystallinity region. In other words, the wide 
inferior crystallinity region interrupts the high integration of the TFTs. On the other hand, 
with the laser irradiation method of the present emibodiment, the inferior crystallinity region 
is hardly formed at opposite ends of the large crystal grain region as shown in FIG 8. 
Accordingly, the TFTs can be formed over the substrate with almost no interspace 
therebetween, and high integration of the TFT can be achieved. With the laser irradiation 
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method of the present embodiment, the linear beam has narrow energy density distribution, 
and the variation of the crystailinity in the large crystal grain region is suppressed. 
Therefore, the laser irradiation method of the present embodiment can reduce the variation 
of the cdiaracteristic between the TFTs and can improve the characteristic of the device. 
5 Consequently, by using the slit and two cylindrical lenses in combination with the 

high-power laser oscillator as described in this embodiment, it is possible to expand the 
large crystal grain region without expanding the inferior crystailinity region and to 
manufacture the wide laige crystal grain region without var5ring the crystailinity. V/ith the 
laser irradiation apparatus of the present embodiment, it is possible to improve the 

10 characteristic of the TFT and to integrate the TFTs. 

Although the a-Si film formed over the glass substrate is irradiated with the laser 
beam in this embodiment, the structure of the irradiation object is not limited to this. 
Since the linear beam having the predetermined width is formed on the semiconductor film 
by using the slit in this embodiment, the width of the large crystal grain region does not 

15 change even though the irradiation object changes. For example, the laser irradiation may 
be performed to the substrate over which a base film and the a-Si film are formed or to the 
substrate over which a stripping layer, the a-Si film, and a wiring material are formed in 
order. In any way, the wide large crystal grain region can be manufactured. 

20 [Embodiment 5] 

[Embodiment for manufacturing a TFT] 

This embodiment describes a process for manufacturing a thin film transistor 
(TFT) with the use of the laser irradiation apparatus of the present invention with reference 
to FIGS. 6A to 6D. First, as shown in FIG 6A, a base film 701 is formed over a substrate 
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700. The substrate 700 may be, for example, a glass substrate made from 
bariumborosilicate glass or aluminoborosUicate glass, a quartz substrate, or a SUS substrate. 
In addition, although a substrate made of flexible synthetic resin such as acryl or plastic 
typified by PET, PES, PEN, or the Uke tends to be mferior in resistance against the heat to 
the other substrates, the substrate made of flexible synthetic resin can be used when it can 
resist the heat generated in the manufacturing process. 

TTie base film 701 is provided in order to prevent alkali-earth metal or alkali m^l 
such as Na included in the substrate 100 from diffusing into the semiconductor fihn. The 
alkali-earth metal and the alkali metal have an adverse affect on a characteristic of a 
semiconductor device when they are in the semiconductor. Therefore, the base fihn 701 is 
formed of an insulating fihn such as silicon oxide, silicon nitride, or siUcon nitride oxide 
which can prevent the diffusion of alkaU metal or alkaK-earth metal into the semiconductor 
film. In the present embodiment, a silicon nitride oxide film is formed in thickness from 
10 to 400 nm by a plasma CVD method. In the case of using the substrate including the 
alkah metal or the alkali-earth metal in any way such as the glass substrate or the plastic 
substrate, it is effective to provide the base film in ternis of preventing the diffusion of the 
impurity. When the substrate such as a quartz substrate is used which hardly diffuses the 
impurity, the base film is not always necessary to be provided. 

Next, an amorphous semiconductor film 702 is formed over the base film 701 in 
thickness from 25 to 100 nm (preferably from 30 to 60 nm). The amorphous 
semiconductor fihn 702 may be siUcon or silicon germanium. SUicon is used in this 
embodiment. When the silicon germanium is used, the density of ^rmanium is 
preferably from 0.01 to 4.5 atomic%. Next, as shown in FIG 6B, the amorphous 
semiconductor film 702 is crystalUzed by the laser irradiation with the use of the laser 
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irradiation apparatus of the present invention. 

This embodiment employs a continuous wave Nd: YVO4 laser providing 10 W at 
the second harmonic with the spatial profile of TEMoo- The first beam spot formed over 
the surface of the amorphous semiconductor film 702 by shaping the laser beam with the 
use of a slit 731 and a lens 732 is rectangular having a size of 10 |Am in the short-side 
direction and 500 fxm in the long-side direction. The laser beam is scanned over the 
amorphous semiconductor film 702 in a direction indicated by an arrow in FIG 6B. The 
crystal grain grown in the scanning direction of the laser beam is formed by the laser 
irradiation. 

By forming the crystal grain extending long in the scanning direction, a crystalline 
semiconductor film 703 having almost no crystal. grain boundary in the chaimel direction of 
the TFT can be formed. Moreover, the linear laser beam having homogeneous intensity 
with no fringes due to the difGraction can be delivered to the irradiation surface by blocking 
a low-intensity part of the laser beam with the use of the sUt 731. 

After that, the crystalline semiconductor film 703 is patterned as shown in FIG 6C, 
and island-shaped semiconductor fiteis 704 to 707 are formed. Then, various 
semiconductor elements typified by a TFT are formed by using the island-shaped 
semiconductor films 704 to 707. Moreover, a gate insulating film 708 is formed so as to 
cover the island-shaped semiconductor films 704 to 707. The gate msulating fiOUn 708 can 
be formed of, for example, silicon oxide, silicon nitride, or sUicon nitride oxide by the 
plasma CVD method, the sputtering method, or the like. In this embodunent, the gate 
insulating film 708 is formed of the insulating material including silicon in 30 to 200 nm 
thick by the sputtering method. 

Next, a gate electrode is formed by forming and patterning a conductive, film (not 
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shown) over the gate insulating fihn. After that, a source region, a drain region, an LDD 
region, and the like are formed in such a way that an impurity imparting n-type or p-type 
conductivity is selectively added to the island-shaped semiconductor fihns 704 to 707 by 
using the patterned resist or the gate electrode as the mask. According to the above 
process, N-channel TFft 710 and 712, and P-channel TFft 711 and 713 can be formed 
over the same substrate (FIG. 6D). Subsequently, an insulating fihn 714 is formed as a 
protective layer for these TFTs. The insulating fihn 714 is formed of an insulating 
material mcluding silicon in 100 to 200 nm thick by the plasma CVD method or the 
sputtering method. The msulating fihn 714 may be a single layer or multilayeis. In this 
embodiment, the insulating fihn 714 is formed of silicon oxynitride in 100 nm thick by the 
plasma CVD method. 

Then, an organic insulating fUm 715 is formed over the insulating fihn 714. The 
organic insulatmg film 715 is formed of polyimide, polyamide, BCB, acrylic, or the like by 
the SOG method. The insulating fihn 715 is preferably superior m flattenmg property 
because the insulating film 715 is formed for the purpose of relaxing the convexoconcavity 
due to the TFTs. Subsequently, a contact hole readung the impurity region is formed by 
patterning the insulatmg fihn 714 and the organic insulating fihn 715 according to a 
photolithography method. 

Next, wirings 716 to 723 are formed by fonning and patterning a conductive film 
with the use of the conductive material. After that, an insulating film 724 is formed as a 
protective film. Thus, a semiconductor device shown in FIG 6D is completed. It is 
noted that the method for manufacturing the semiconductor device by the laser irradiation 
method of the present invention is not limited to the above-mentioned method for 
manufacturing the TFT. In the present invention, the crystalline semiconductor fihn 
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obtained by the laser irradiation method is used as an active layer of the TFT. Accordingly, 
the variation of the mobility, the threshold value, and the on-cuirent between the 
semiconductor elements can be suppressed. The condition of the laser iiradiation is not 
limited to that shown in this embodiment. 
5 In addition, a crystallization step using a catalyst element may be provided before 

the crystallization step by the laser irradiation. In this embodiment, nickel (Ni) is used as 
the catalyst element. Besides, the catalyst element may be, for example, germanium (Ge), 
iron (Fe), palladium (Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (Pt), copper (Cu), or 
gold (Au). Hie laser irradiation melts an upper part of the semiconductor film but does 
10 not melt a lower part of the semiconductor film. Therefore, a crystal remained without 
being melted in the lower part of the semiconductor film becomes a crystal nucleus, and the 
a*ystallization is promoted uniformly from the lower part toward the upper part of the 
semiconductor film. 

Compared to the case in which the semiconductor film is crystallized only by the 
15 laser beam, it is possible to enhance the crystallinity of the semiconductor film further and 
to suppress the roughness of the surface of the semiconductor fihn after the laser 
crystallization. TTierefore, the variation of the characteristic of the semiconductor element 
to be formed afterward typified by a TFT can be suppressed more and the off current can be 
also suppressed. It is noted that the crystallization may be performed in such a way that 
20 the heat treatment is performed after the catalyst element is added in order to promote the 
crystallization and then the laser beam is irradiated in order to enhance the crystallinity 
further. Alternatively, the heat treatment may be omitted. Specifically, after adding the 
catalyst element, the semiconductor film may be irradiated with the laser beam instead of 
the heat treatment to enhance the crystallinity. 
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Although the present embodiment described an example in which the laser 
irradiation method of the present invention is used to crystallize the semiconductor film, the 
laser irradiation method may be applied to activate the impurity element doped in the 
semiconductor film. The method for manufacturing the semiconductor device of the 
present invention can be applied to the method for manufacturing the integrated circuit and 
the semiconductor display device. A transistor used for a functional circuit such as a 
driver or a CPU preferably has an LDD structure or a structure in which the LDD region 
overlaps the g^te electrode. It is also preferable to miniaturize the transistor for 
higher-speed operation. Since the transistors 710 to 713 manufactured according to this 
embodiment have the LDD structure, they are preferably used in the driver circuit requiring 
high-speed operation. 

According to the present invention, various electronic instruments can be 
manufactured with the use of the thin film transistor shown in FIG 6D, Specific examples 
are illustrated in FIGS. 7A to 7C. FIG 7A shows a display device including a chassis 
2001, a supporting stand 2002, a display portion 2003, a speaker portion 2004, a video 
input terminal 2005, and the like. The display device can be manufactured by usiog the 
thin film transistor formed by the manufacturing method shown in FIGS. 6A to 6C in the 
display portion 2003- The display device includes a liquid crystal display device and a 
light-emitting device, and specifically includes all the information display devices for a 
computer, a TV broadcast reception, advertisement, and the like. 

FIG 7B is a computer iacluding a chassis 2200, a display portion 2201, a keyboard 
2203, an external connection port 2204, a pointing mouse 2205, and the like. The 
manufacturing method shown in FIGS. 6A to 6D can be applied to the display portion 2201 
and the circuits. Moreover, the present invention can be applied to the semiconductor 
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device such as the CPU and the memory inside the computer. FIG 7C shows a mobile 
phone as an example of a mobile terminal, including a chassis 2301, a display portion 2302, 
and the like. Since the electronic instruments such as a digital camera or a PDA typified 
by the mobile phone is the mobile terminal, the display screen is small. Therefore, 
miniaturization and weight-saving can be achieved by forming the functional circuit sudi as 
the CPU with the use of the small transistor shown in FIG 6D. 

Moreover, the thin film transistor manufactured by this embodiment can be used as 
the ID chip. For example, the thin film transistor can be used as the integrated circuit or 
the memory in the ID chip by using the manufacturing method shown in FIGS. 6A to 6D. 
When the transistor is used as the memory, the circulation process of products can be 
recorded in the memory. By recording the process in the production step of the products, 
it becomes easy for wholesalers, retailers, and consumers to know the production area, the 
producer, the date of manufacture, the processing method, and the like. 

Industrial applicability 

As thus described, the semiconductor device manufactured by the present 
invention can be applied in a wide range, and the semiconductor device manufactured by 
the present invention can be applied to the electronic instruments of every field. 
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